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ABSTRACT 

A p a s s i v e  s e i s m i c  c o n t i n g e n c y  expe r imen t  s h o u l d  be 
deve loped  f o r  t h e  f i r s t  l u n a r  l a n d i n g  if and o n l y  i f  a one y e a r  
l i f e t i m e  ( a t  l e a s t )  can  be g u a r a n t e e d .  A l l  o t h e r  s p e c i f i c a t i o n s  
( e x c e p t  s e n s i t i v i t y )  should  be s u b o r d i n a t e d  t o  t h e  l i f e t ime  
r e q u i r e m e n t .  Tha t  i s ,  dynamic r a n g e ,  t e m p e r a t u r e  c o n t r o l ,  du ty  
c y c l e ,  band-width,  and command c a p a b i l i t y ,  can  b e  s a c r i f i c e d ,  
i f  n e c e s s a r y ,  i n  o r d e r  t o  deve lope  a l o n g  l i f e  i n s t r u m e n t  w i t h i n  
t h e  t i m e  a v a i l a b l e .  S i n c e  t h e  PSE i s  i n  t h e  f i n a l  s tage of 
f l i g h t  a c c e p t a n c e  t e s t i n g ,  the  development  o f  a c o n t i n g e n c y  
se i smometer  would have l i t t l e  e f f e c t  on t h e  ALSEP s c h e d u l e .  

Due t o  t h e  r i g o r o u s  r e q u i r e m e n t s  for a s u c c e s s f u l  
c o r n e r  r e f l e c t o r  exper iment  and t h e  l a c k  o f  e x t e n s i v e  t e c h n o l o g i c a l  
e x p e r i e n c e  i n  t h i s  area,  i t  i s  c o n s i d e r e d  u n l i k e l y  t h a t  an  
a c c e p t i b l e  i n s t r u m e n t  cou ld  be deve loped  i n  t ime.  The development  

of t h e  ALSEP LR3, which i s  s t i l l  i n  i t s  i n f a n c y ,  s h o u l d  n o t  be  
impeded by a c r a s h  program t o  b u i l d  a con t ingency  r e f l e c t o r  
expe r imen t  which may be of m a r g i n a l  u t i l i t y .  
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1 . 0  INTRODUCTION 

The P l a n e t o l o g y  Subcommittee has'. r e c e n t l y  recommended 
the  development o f  a con t ingency  s c i e n t i f $ c  package t o  b e  used  
i n  t h e  e v e n t u a l l i t y  t h a t  t h e  Apol lo  ALSEP does  n o t  f l y  on t h e  
f i r s t  l u n a r  l a n d i n g  m i s s i o n .  The e x p e r i m e n t s  most o f t e n  
ment ioned  i n  t h i s  c o n n e c t i o n  a re  a se i smomete r  and a c o r n e r  
r e f l e c t o r .  I n  t h i s  memorandum I examine t h e  r a t i o n a l e  f o r  such  
a c o n t i n g e n c y  program i n  r e l a t i o n  t o  t h e  s c i e n t i f i c  g o a l s  o f  
these  e x p e r i m e n t s  and t h e  p r e s e n t l y  conce ived  l u n a r  e x p l o r a t i o n  
p l -ogrm.  

2 . 0  BACKGROUND 

The ALSEP p a s s i v e  s e i s m i c  expe r imen t  (PSE) r e p r e s e n t s  
t h e  t h i r d  a t t e m p t  t o  g e t  a se i smometer  on t h e  moon. Both t h e  
Ranger and Surveyor  programs began w i t h  p l anned  s e i s m i c  e x p e r i -  
ments  which were n e v e r  r e a l i z e d .  The ALSEP PSE i s  a n  ou tg rowth  
o f  t hese  e a r l i e r  i n s t r u m e n t s  ar,d r e p r e s e n t s  a h i g h l y  s o p h i s t i c a t e d  
s t a t e - o f - t h e - a r t  i n s t r u m e n t  which measures  t h r e e  components o f  
l o n g  p e r i o d  (10-15 s e c )  gr=.;nd motion and one component ( v e r t i c a l )  
o f  s h o r t  p e r i o d  (1-10 s e c )  ground mot ion .  The PSE r e q u i r e s  8 0 %  
o f  t h e  e n t i r e  ALSEP d a t a  r a t e  and i s  u n q u e s t i o n a b l y  t h e  h i g h e s t  
p r i o r i t y  e x p e r i m e n t ,  

By i t s  n a t u r e  t he  PSE i s  a ne twork /obse rva to ry  t y p e  
e x p e r i m e n t .  T h a t  i s ,  t h e  f u l l  p o t e n t i a l i t i e s  o f  t h e  expe r imen t  
are n o t  r e a l i z e d  u n l e s s  s imul t aneous  o p e r a t i o n  o f  many ( > 3 )  
i n s t r u m e n t s  f o r  an  ex tended  p e r i o d  o f  t i m e  i s  a c h i e v e d .  Although 
one s u c c e s s f u l  s e i s m i c  s t a t i o n  on t h e  moon w i l l  undoubtedly  
p r o v i d e  a quantum jump i n  knowledge o f  t h e  moon's s e i s m i c i t y ,  
t h i s  i n f o r m a t i o n  would be ana logous  t o  what was known o f  t h e  
E a r t h  i n  t he  e a r l y  1900's. 

- 

A con t ingency  s e i s m i c  e x p e r i m e n t ,  as p r e s e n t l y  
c o n c e i v e d ,  would c o n s i s t  of a Surveyor  se i smometer  w i t h  a s s o c i a t e d  
e l e c t r o n i c s ,  a power subsystem o f  s o l a r  p a n e l s  p o s s i b l y  w i t h  a 
S u r v e y o r  b a t t e r y  for n igh t ime  o p e r a t i o n ,  and a data  subsys t em 
w i t h  a m p l i f i e r s ,  s i g n a l  c o n d i t i o n e r s ,  t r a n s m i t t e r  and a n t e n n a .  
Most of these components have been  d e s i g n e d  and b u i l t  f o r  t h e  
S u r v e y o r  program and would merely need  minor  m o d i f i c a t i o n s  and 
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q u a l i f i c a t i o n  t e s t i n g .  The s h o r t  t i m e  a v a i l a b l e  (9 months)  
f o r  t h e  development of a con t ingency  s c i e n c e  package  r e q u i r e s  
t h a t  new d e s i g n  e f f o r t  b e  k e p t  t o  a minimum. 

The second exper iment  recommended f o r  con t ingency  

Unl ike  t h e  PSE, t h i s  expe r imen t  i s  recommended because  
s c i e n c e  i s  t h e  c o r n e r  r e f l e c t o r  or Lunar  Ranging R e t r o - R e f l e c t o r  
(LR3) .  
o f  i t s  r e l a t i v e  s i m p l i c i t y  ( i t  i s  t o t a l l y  p a s s i v e )  and t h e  
fundamenta l  n a t u r e  o f  t h e  q u e s t i o n s  i t  may answer (dynamic 
i n t e r a c t i o n  o f  t h e  earth-moon, n a t u r e  o f  g r a v i t y ,  c o n t i n e n t a l  
d r i f t ) .  To g a t h e r  da ta  on t h e s e  q u e s t i o n s ,  t h e  c o r n e r  r e f l e c t o r  
i s  emplaced on t h e  moon and l a se r  r a n g i n g  t o  i t  i s  c a r r i e d  o u t  
from one o r  more e a r t h  s t a t i o n s  o v e r  a l o n g  p e r i o d  ( 3  t o  1 0  
y e a r s ) .  The o p t i c a l  per formance  o f  t h e  r e f l e c t o r  i s  c r i t i c a l  
s i n c e  t h e  a t t e n u a t i o n  from t r a n s m i t t e d  p u l s e  ( e n e r g y )  t o  r e c e i v e d  
s i g n a l  i s  -180 d b ,  and t h e  long  term per formance  o f  t h e  r e f l e c t o r  
m a t e r i a l  can be v e r i f i e d  only  i n  a c t u a l  l u n a r  o p e r a t i o n .  

A-t p r e s e n t ,  t h e  LE3 i s  on ly  p o t e n t i a l l y  an  ALSEP 
c a n d i d a t e  e x p e r i m e n t ,  s i n c e  a c o n t r a c t  has  n o t  been  s i g n e d  f o r  
expe r imen t  development n o r  has a f l i g h t  ass ignment  been made. 
If t h e  p r e s e n t  s c i e n c e  pay load  s c h e d u l e  i s  adhered to, t h e  

expe r imen t  i s  p a s s i v e ,  i t  can be  c o n f i g u r e d  t o  f l y  i n d e p e n d e n t l y  
o f ,  and i n  a d d i t i o n  t o  ALSEP, i f  weight  and volume c o n s t r a i n t s  
p e r m i t .  

LR 3 w i l l  f l y  on t h e  5th m i s s i o n  a t  b e s t .  However, s i n c e  t h e  

Unlike t h e  s e i s m i c  e x p e r i m e n t ,  a con t ingency  LR 3 
has l i t t l e  p r s - e x i s t i n g  hardware  or d e s i g n  e f f o r t  t o  u t i l i z e .  
A few h i g h  p r e c i s i o n  cube c o r n e r s  have been f a b r i c a t e d ,  b u t  t h e  
p a c k a g i n g ,  thermal  c o n t r o l ,  and mechan ica l  subassembly ,  e x i s t  
on ly  as u n t e s t e d  c o n c e p t s .  

I n  an e f f o r t  i ndependen t  o f  t h e  ALSEP LR3,  t h e  A i r  
Fo rce  Cambridge Resea rch  Labora to ry  has  manufac tu red  a l a rge  
(11 cm) c o r n e r  r e f l e c t o r  w i t h  i n c o r p o r a t e d  packag ing  and t h e r m a l  
c o n t r o l .  Although t e s t i n g  of t h i s  i n s t r u m e n t  may v a l i d a t e  i t  
as an a c c e p t i b l e  package t o  a c h l e v e  t h e  o b j e c t i v e s  o f  E c k h a r d t ' s  
Category  I e x p e r i m e n t ,  i t  s h o u l d  n o t  be confused  w i t h  t h e  ALSEP 

o b j e c t i v e s  o f  t h e  ALSEP exper iment  n o r  was i t  d e s i g n e d  t o  do s o .  
The Eckhard t  exper iment  i s  of i n t e r e s t  p r i m a r i l y  t o  g e o d e s i s t s  
and c a r t o g r a p h e r s  ( b u t  i n c l u d i n g  measurements o f  l u n a r  p h y s i c a l  
l i b r a t i o n s ,  o f  i n t e r e s t  t o  g e o p h y s i c i s t s )  w h i l e  t h e  ALSEP 
expe r imen t  ( C .  A l l e y ,  P r i n c i p a l  I n v e s t i g a t o r )  i n c o r p o r a t e s  a 
s u p e r i o r  o p t i c a l  and thermal  d e s i g n  t o  a c h i e v e  a weal th  o f  
fundamen ta l  s c i e n c e  o b j e c t i v e s .  (ephemer is  t i m e ,  l u n a r  r a d i u s  
and o r b i t ,  s e c u l a r  mot ions  of t h e  e a r t h  s t a t i o n s ,  g r a v i t a t i o n a l  
w a v e s ) .  Also ,  t h e  Eckha rd t  i n s t r u m e n t  i s  o f  s u f f i c i e n t l y  d i f f e r e n t  

LR 3 expe r imen t .  The AFCRL r e f l e c t o r  w i l l  n o t  s a t i s f y  a l l  t h e  
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d e s i g n  from t h e  Al l ey  LR3 t h a t  any thermal-vacuum or s o l a r  o p t i c a l  
t e s t i n g  o f  t h e  Eckha rd t  c o r n e r  w i l l  be  o f  l i t t l e  v a l u e  t o  t h e  
ALSEP LR 3 development .  

3.0 RATIONALE FOR A CONTINGENCY SCIENCE P A C K A G E  

The most obvious  advan tage  o f  a con t ingency  s c i e n c e  
package  i s  t h e  time g a i n e d .  The p r e s e n t  S-V l a u n c h  s c h e d u l e  
c a l l s  f o r  l a u n c h e s  on 3 month c e n t e r s .  Program o p t i o n s  now 
b e i n g  examined c a l l  f o r  t h i s  t o  be s t r e t c h e d  t o  6 months and 
p o s s i b l y  a y e a r  for t h e  l a t e r  m i s s i o n s  t o  a l l o w  f o r  more 
e f f i c i e n t  use  o f  t h e  data g a t h e r e d  on e a r l y  m i s s i o n s .  T h e r e f o r e ,  
a con t ingency  s e i s m i c  exper iment  would p r o v i d e  da ta  3 t o  6 
months e a r l y  and a con t ingency  c o r n e r  r e f l e c t o r  might  f l y  3 
y e a r s  ahead o f  i t s  ALSEP c o u n t e r p a r t .  T h i s  assumes t h a t  ALSEP 
w i l l  f l y  on t h e  second  and subsequen t  m i s s i o n s ,  which i s  p r o b a b l e  
s i n c e  pay load  c a p a b i l i t y  has  a lways been c o n s e r v a t i v e l y  e s t i m a t e d  
f o r  t h e  f i r s t  f l i g h t  o f  a s p a c e c r a f t .  

Although f l y i n g  a con t ingency  se i smometer  and/or  
c o r n e r  r e f l e c t o r  would p l a c e  a s c i e n t i f i c  i n s t r u m e n t  on t h e  
moon s i g n i f i c a n t l y  ahead of a no  con t ingency  program, i t  does 
n o t  f o l l o w  t h a t  t h e  o b j e c t i v e s  o f  t h e  e x p e r i m e n t s  w i l l  be  
s a t i s f i e d  t h a t  much s o o n e r .  A w idesp read  n e t  of  s e i s m i c  obse rva -  
t o r i e s  would have  t h e  c a p a b i l i t y  t o  p r o v i d e  da ta  on many o f  t h e  
b a s i c  q u e s t i o n s  c o n c e r n i n g  t h e  moon's o r i g i n  and p r e s e n t  s t a t e .  
One se i smomete r ,  on t h e  o t h e r  hand ,  whe the r  ALSEP PSE o r  
Modif ied  Surveyor ,  w i l l  i n  a l l  p r o b a b i l i t y  be ab le  t o  measure 
on ly  t h e  s e i s m i c  n o i s e  level and the g;er,eral s e i s m i c i t y  o f  t h e  
moon. These data  would b e  u s e f u l  as e n g i n e e r i n g  i n p u t s  for 
m o d i f i c a t i o n s  o f  f u t u r e  se i smometers  ( g a i n  and s e n s i t i v i t y  
a d j u s t m e n t s ) .  However, t h e  f i r s t  f o u r  ALSEP f l i g h t  s e i smomete r s  
w i l l  have been b u i l t  and t e s t e d  by t h e  t i m e  any con t ingency  
package  c o u l d  be f lown,  and i t  i s  u n l i k e l y  t h a t  even  a 6 month 
lead t i m e  would be s u f f i c i e n t  t o  a l l o w  s u c h  m o d i f i c a t i o n s  i n  
f l i g h t  hardware .  

I n  o r d e r  t o  s i g n i f i c a n t l y  advance t h e  s e i s m i c  e x p l o r a -  
t i o n  of t h e  moon, a con t ingency  se i smometer  must be  a b l e  t o  
s u r v i v e  and o p e r a t e  on t h e  moon f o r  a t  l e a s t  one y e a r .  I f  t h e  
power subystem o f  t h e  exper iment  can be d e s i g n e d  t o  m a i n t a i n  
t h e  se i smometer  f o r  t h i s  l o n g ,  even  a t  a 5 0 %  du ty  or less  
(i . e . ,  on ly  dayt ime o p e r a t i o n )  , t h e n  such  a con t ingency  package  
would be o f  g r e a t  v a l u e  i n  t h e  e a r l y  e s t a b l i s h m e n t  o f  a m u l t i p l e  
s t a t i o n  n e t .  To accompl i sh  t h i s  f u n c t i o n ,  t h e  se i smometer  
need  n o t  b e  s o p h i s t i c a t e d ;  t h e  Su rveyor  i n s t r u m e n t  would b e  
q u i t e  a d e q u a t e .  

The LR 3 e x p e r i m e n t ,  on t h e  o t h e r  hand,  has no  f i r m  
r e q u i r e m e n t  f o r  a network o f  s t a t i o n s .  A c o r n e r  r e f l e c t o r  
c o n t i n g e n c y  expe r imen t  m a y ,  t h e r e f o r e ,  be  o f  l i m i t e d  u t i l i t y .  
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Unl ike  t h e  se i smomete r ,  which has 50 y e a r s  o f  development  t o  
r e l y  on,  c o r n e r  r e f l e c t o r s  a r e  a r e l a t i v e l y  new idea .  Corne r s  
o f  s u f f i c i e n t l y  h i g h  p r e c i s i o n  t o  a l l o w  r a n g i n g  t o  t h e  moon are  
p u s h i n g  t h e  s t a t e - o f - t h e - a r t .  The l a c k  o f  b road  t e c h n o l o g i c a l  
e x p e r t i s e  i n  t h i s  area and t h e  unknown l o n g  t e rm e f f e c t s  o f  
s o l a r  r a d i a t i o n  on t h e  o p t i c a l  pe r fo rmance  o f  t h e  c o r n e r s  
make t h e  r e l i a b i l i t y  o f  t h e  d e s i g n  r e l a t i v e l y  u n c e r t a i n  and 
p r e d i c t i o n s  o f  t h e  per formance  o f  t h e  i n s t r u m e n t  e x t r e m e l y  
d i f f i c u l t .  

Because o f  these u n c e r t a i n t i e s  and t h e  f a c t  t h a t  on ly  
one c o r n e r  r e f l e c t o r  i s  r e q u i r e d  on t h e  moon ( a l t h o u g h  two a t  
d i f f e r e n t  l o n g i t u d e s  and p o s s i b l y  one a t  a h i g h  l a t i t u d e  would 
be  o f  v a l u e ) ,  t h e  c o r n e r  r e f l e c t o r  e x p e r i m e n t ,  when f lown,  
s h o u l d  be as near-optimum as p r e s e n t  t e c h n o l o g y .  a l l o w s .  The 

p r e s e n t  s t a t e  o f  t h e  LR3 development program i s  s u c h  t h a t  t h i s  
c o u l d  p robab ly  n o t  be ach ieved  i n  t h e  9 months a v a i l a b l e  f o r  
development o f  a con t ingency  s c i e n c e  package .  

4 . 0  CONCLUSIONS 

A p a s s i v e  s e i s m i c  con t ingency  expe r imen t  s h o u l d  b e  
deve loped  f o r  t h e  f i r s t  l u n a r  l a n d i n g  i f  and only  i f  a one y e a r  
l i f e t i m e  ( a t  l e a s t )  can  b e  g u a r a n t e e d .  All o t h e r  s p e c i f i c a t i o n s  
( e x c e p t  s e n s i t i v i t y )  s h o u l d  b e  s u b o r d i n a t e d  t o  t h e  l i f e t i m e  
r e q u i r e m e n t .  That  i s ,  dynamic r a n g e ,  t e m p e r a t u r e  c o n t r o l ,  du ty  
c y c l e ,  band-width,  and command c a p a b i l i t y ,  can  b e  s a c r i f i c e d ,  
i f  n e c e s s a r y ,  i.1 o r d e r  t o  deve lop  2 l m ~ g  l i f e  i n s t r u m e n t  w i t h i n  
t h e  t i m e  a v a i l a b l e .  S i n c e  t h e  PSE i s  i n  t h e  f i n a l  s t a g e  o f  
f l i g h t  a c c e p t a n c e  t e s t i n g ,  t h e  development o f  a con t ingency  
se i smometer  would have l i t t l e  e f f e c t  on t h e  ALSEP s c h e d u l e .  

Due t o  t h e  r i g o r o u s  r e q u i r e m e n t s  f o r  a s u c c e s s f u l  
c o r n e r  r e f l e c t o r  expe r imen t  and t h e  l a c k  o f  e x t e n s i v e  t e c h n o l o g i c a l  
e x p e r i e n c e  i n  t h i s  a r e a ,  i t  i s  c o n s i d e r e d  u n l i k e l y  t h a t  a n  
a c c e p t i b l e  i n s t r u m e n t  c o u l d  be deve loped  i n  t i m e .  The development  
o f  t h e  ALSEP LR3,  which i s  s t i l l  i n  i t s  i n f a n c y ,  s h o u l d  n o t  be  
impeded by a c r a s h  program t o  b u i l d  a con t ingency  r e f l e c t o r  
expe r imen t  which may be o f  m a r g i n a l  u t i l i t y .  

T h i s  memorandum i s  concerned  s o l e l y  w i t h  ALSEP d e r i v e d  
con t ingency  e x p e r i m e n t s .  The r a t h e r  n e g a t i v e  c o n c l u s i o n s  
s h o u l d  n o t  be  t a k e n  t o  mean t h a t  con t ingency  s c i e n c e  i s  n o t  
wor th  d o i n g .  R a t h e r  con t ingency  s c i e n c e  i s  w o r t h  d o i n g  i f  
t h e  expe r imen t s  w i l l  r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  data  
r e t u r n  w i t h o u t  a d v e r s e  e f f e c t s  on t h e  ALSEP program. L a s t l y ,  
ALSEP con t ingency  s c i e n c e  must be weighed a g a i n s t  o t h e r  con t ingency  
s c i e n c e  such  as an expanded geology i n v e s t i g a t i o n .  Although 
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t h i s  would c e r l t a i n l y  be an e a s i e r  con t ingency  program to 
implement ,  i t  would be a lower p r i o r i t y  expe r imen t  t h a n  a 
l o n g  l i v e d  con t ingency  se i smometer .  

2015-MTY-kse M .  T .  Yates  
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